Eutypa lata is the causal fungal agent of Eutypa dieback, a serious grapevine necrotic disease. The erratic and delayed (1 to 2 months) appearance of characteristic conidia on culture media and the presence of numerous microorganisms in decaying wood make it difficult either to identify or to detect E. lata in grapevine wood samples. We designed six pairs of PCR primers for diagnosis of E. lata. Three primer pairs were derived from ribosomal DNA internal transcribed spacer sequences, and three pairs were derived from randomly amplified polymorphic DNA fragments. The six primer pairs could be used to amplify DNAs extracted from all of the E. lata isolates tested. They did not amplify DNAs from fungi and bacteria representing more than 50 different species of microorganisms associated with grapevine. We developed a simple protocol, leading to a rapid release of DNA, that enabled us to identify E. lata from pure or mixed cultures as well as from grapevine wood samples. Identification of E. lata in wood was achieved within a few hours, instead of the several weeks required for classical cultures on agar medium. We believe that the procedure described here can be adapted to detect other microorganisms involved in woody plant diseases.
Eutypa lata (Pers.: Fr.) Tul et C. Tul. (synonym E. armeniacae Hansf. and M. V. Carter; anamorph Libertella blepharis A. L. Smith) is a worldwide ascomycete pathogen of many perennial plants (3, 7) . In grapevine (Vitis vinifera L.), E. lata causes a serious disease named Eutypa dieback that may lead to significant reductions in yield (21) . The fungus is also found in vines suffering from the black measles disease, where it acts as a pioneering fungus (16, 20) . Eutypa dieback is a chronic disease that develops extremely slowly (4) and has highly variable symptom expression, making diagnosis in vineyards difficult (18) . The first noticeable symptoms are stunted spring shoots with small, chlorotic, cupped leaves. These symptoms may be due to phytotoxic compounds produced by the mycelium in the older wood (11, 17) . Symptoms appear in a vineyard several years after infection, and their severity is influenced by numerous factors (22) . In the wood, infection results in a brown lesion which appears as sectors in cross sections of diseased vines (18) . Control is based on the protection of pruning wounds and on the removal of infected parts of the vines (5) .
E. lata is usually identified by traditional methods of isolation and culturing (5) . E. lata does not produce sexual structures in artificial media, so identification depends primarily on the morphology of the mycelium (5, 6) , although serological techniques have also been developed (12, 29) . Observation of conidia is often necessary to confirm the identification of E. lata, but their production requires at least 1 to 2 months and they are not produced by all isolates (5) . The growth of E. lata on culture media may be slower than that of other saprophytic microorganisms present in grapevine wood. Thus, the fungus may go unobserved on isolation plates, leading to an erroneous diagnosis. In some cases, determining if the fungus is present requires careful subcultures, which is extremely time-consuming and tedious.
PCR with species-specific primers can provide an easy way to detect fungal plant pathogens both in culture and in plant tissues. Assays may be based on amplification of a ribosomal DNA (rDNA) region encompassing internal transcribed spacers (ITS) and 5.8S rDNA (10, 13, 19, 32, 35) . The use of PCR primers derived from the sequences of randomly amplified polymorphic DNA (RAPD) fragments was also fruitful (14, 23, 31) . Our objective was to develop a reliable assay, based on PCR, for a quick and accurate diagnosis of E. lata. For this purpose, we designed and tested six primer pairs to identify E. lata cultures. Three primer pairs were derived from E. lata rDNA sequences, and three were derived from sequences of RAPD fragments obtained in a previous study (26) . Two primer pairs, one per approach, were used to detect the fungus directly in the wood of diseased grapevines.
MATERIALS AND METHODS
Isolates of E. lata. We used 60 E. lata isolates that originated from different geographic locations and that were obtained from the wood or stromata of grapevines (Table 1) . Isolates were stored long-term in distilled water at 4°C, as previously described (25) . Some cultures were initiated by transferring mycelial plugs on malt-agar (MA) medium (15 g of Cristomalt [Materne, Fruibourg, France] per liter, 20 g of agar per liter) to petri dishes. Plates were incubated at 22°C for 1 week. About 40 mg of fresh mycelium was harvested per isolate by scraping the surface of the agar with an inoculation loop and transferred to a microcentrifuge tube (2 ml). Cultures were also grown on potato dextrose agar medium (39 g/liter; Difco Laboratories, Detroit, Mich.), from which liquid cultures were initiated to produce mycelia according to the method of Péros et al. (28) . Mycelium samples were immediately freeze-dried and stored at 4°C until DNA was extracted.
Microorganisms associated with grapevine. To verify that PCR primers specifically amplified E. lata DNA, we tested a total of 100 isolates of microorganisms representing more than 50 species of fungi and bacteria (Table 2 ). All fungal isolates, except isolates of Agaricus bisporus and Armillaria mellea, were collected from grapevines. They either originated from local collections or were isolated in 1998 from grapevine cane surfaces, pruning wounds, pieces of wood, or cuttings. Fungi were grown on MA medium, and bacteria were grown on King's B medium (15) . Most bacterial species obtained from the French Collection of Phytopathogenic Bacteria (Institut National de la Recherche Agronomique [INRA], Angers, France) were chosen to be representative of bacterial species that have been previously detected in grapevine (2) . DNA extraction. Fungal DNA was obtained from freeze-dried material according to the method of either Délye et al. (8) or Péros et al. (28) . Bacterial DNA was obtained by heating 50-l aliquots of dense cell suspensions (10 8 bacteria per ml) at 95°C for 10 min in sterile water. Samples were kept at Ϫ20°C until they were used for PCR amplifications.
Primer design. DNA of E. lata isolate BX 1-10 was amplified by using the universal primers ITS1 and ITS4 (34) at a final concentration of 0.2 M each. The amplification mix and cycling programs were as previously described (8), Table 3 .
except that the annealing temperature was 65°C. The sequence of the PCR product was determined by Eurogentec SA (Seraing, Belgium). Searches for the most closely related sequences were carried out with the EMBL and GenBank databases using the BLAST program (1, 24) . We designed three oligonucleotide primer pairs (Table 3) targeting E. lata rDNA and sharing little or no homology with other known rDNA sequences. Primers were synthesized by Eurogentec SA. Three other primer pairs were designed from the sequences of the variable RAPD fragments A10-410, B02-830, and D18-530, obtained in a previous work (26) , using the PRIME procedure of the Genetics Computer Group software package (9) . These primers were synthesized by Life Technologies (Eragny, France). PCRs. All PCR amplifications were performed in 25-l mixes, as previously described (8) . Primers were used at a final concentration of 0.2 M each. The cycling programs consisted of 37 cycles with a 30-s denaturation at 94°C, a 30-s annealing at a specific temperature (Table 3) , and a 1-min extension at 72°C. The suitability of each fungal DNA sample for PCR was checked with the universal primers ITS1 and ITS4 (34) at an annealing temperature of 55°C. Aliquots of 5 l from heated bacterial suspensions were checked using the universal bacterial primers FD1 and RP2 (33) at an annealing temperature of 45°C. Amplified DNA fragments were visualized under UV light after electrophoresis at 100 V on 1% (wt/vol) agarose gels stained with ethidium bromide (0.8 g/ml) and run in 0.5ϫ Tris-borate-EDTA buffer (Euromédex, Souffelweyersheim, France). Positive and negative amplification controls were included in each experiment.
Rapid recovery of DNA for identification of E. lata. To identify E. lata from pure or mixed cultures after 1 week of incubation, approximately 0.1 mg (fresh weight) of fungal material was collected by gently scraping the surface of culture with a sterilized loop and placed into 0.5-ml microcentrifuge tubes containing 50 l of sterile, deionized water. Samples were incubated at 95°C for 15 min and immediately placed on ice. Five-microliter aliquots of the resulting supernatants were used for PCRs. To ensure that E. lata DNA could be readily amplified from cultures where other microorganisms dominated, 45 samples of about 0.1 mg of fresh mycelial material, collected from E. lata cultures highly contaminated by saprophytic microorganisms after routine isolation from grapevine lesions, were analyzed using the primer pairs Lata 1 and Lata 2.2 and SCA 10A and SCA 10B.
Detection of E. lata from grapevine wood. Eighteen grape plants were collected during the summer of 1999, and cross sections were made in woody parts to look for characteristic brown lesions (5). After surface sterilization by rapid flaming, a piece of necrotic wood, 1 by 2 by 1 cm in size, was taken from close to the margin of the lesion by using pruning shears. Both culturing followed by PCR identification of E. lata and direct detection of E. lata in wood were used to analyze the necrotic wood samples obtained. For culturing of E. lata, 20 small wood chips, 3 by 5 by 5 mm in size, were sliced from a piece of necrotic wood, disinfected in calcium hypochlorite solution (1.8% active chlorine), placed onto MA medium in petri dishes, and incubated for 1 week at 23°C. Plates were assessed visually for the presence of typical mycelia. From each piece of necrotic wood examined, a mixture of mycelia growing on MA medium was analyzed with the PCR primer pair Lata 1 and Lata 2.2.
To detect E. lata directly in the grapevine wood tissues, we cut three thin wood shavings, about 5 by 5 by 0.2 mm in size, from the piece of wood using a sterile scalpel (no. 22; Swann Morton, Sheffield, England) and placed them individually into 1.5-ml microcentrifuge tubes. Samples were incubated at 95°C for 15 min after the addition of 50 l of sterile, deionized water, and immediately placed on ice. Five microliters of 1:10 and 1:100 dilutions of the resulting supernatant were used for PCR analysis using the Lata 1-Lata 2.2 and SCA 10A-SCA 10B primer pairs.
RESULTS
Primer design for E. lata rDNA regions. We sequenced a 574-bp-long DNA fragment encompassing E. lata ITS1, ITS2, and the 5.8S rDNA (GenBank accession number AF099911). This sequence did not differ from the sequences of two other strains of this fungus (J. Mugnier, personal communication). The highest similarity (91% identity) was found with the corresponding rDNA regions of the fungus Xylaria cubensis (GenBank accession number AF163032). Primers targeting E. lata ITS regions (Table 3) were designed so that the last four bases at their 3Ј termini hybridized with regions specific to the E. lata rDNA sequence.
Primer design for RAPD fragments. Sequenced RAPD fragments, A10-410, B02-830, and D18-530, were 410, 830, and 530 bp long, respectively. The PRIME analysis identified only one pair of primers for fragment A10-410. We chose one pair of primers among the 15 and one among the 6 proposed for fragments B02-830 and D18-530, respectively. PCR amplifications. Optimal annealing temperatures were 65°C for all primer pairs targeting rDNA and 60°C for all primer pairs derived from RAPD fragments. All primer pairs yielded a single amplicon of the expected size ( Fig. 1 ) when they were used for PCR with DNAs extracted from 15 E. lata isolates ( Table 1 ). The Lata 1-Lata 2.2 and SCA 10A-SCA 10B primer pairs yielded a single amplicon of the predicted size for 45 more E. lata isolates ( Table 1) .
Specificities of primer pairs. None of the six primer pairs amplified DNA from any of 100 isolates of microorganisms tested (Table 2 ). DNA could be amplified from all these samples when we used fungal or bacterial universal primers, with these primers thus serving as positive controls and demonstrating the presence of DNA suitable for PCR (not shown).
Identification of E. lata from crude mycelium extract. All six primer pairs yielded single PCR products of the expected sizes when E. lata crude DNA was used as the template in the PCR mix (Fig. 1) . All 45 mixed mycelial samples, collected from highly contaminated E. lata cultures, also yielded only the expected amplification products. Double-blind test. A double-blind test was performed to confirm these results. MA medium cultures were initiated from diseased grapevine wood or from pruning wound material. After 1 week of incubation, 50 mycelial samples were visually assigned to three classes (Table 4) : mycelium resembling E. lata ("Ela"), mycelium that might or might not be E. lata ("doubtful"), and mycelium not resembling E. lata ("other"). These samples were subcultured and identified by visual assessment and independently characterized by PCR using the primer pairs Lata 1 and Lata 2.2 and SCA 10A and SCA 10B. Identification using subculturing and PCR were in agreement for all 18 Ela samples and all 17 doubtful samples (Table 4) . Both PCR and subculturing identified 2 out of the 18 Ela samples as false positives. None of the 15 samples classified as other was identified as E. lata by subculturing. But E. lata was detected by PCR in two samples classified as other. Subsequent culturing confirmed that these two samples were indeed mixed samples containing minute amounts of E. lata.
Detection of E. lata in wood samples. Wood chips, placed on MA medium, developed a whitish mycelium identified as E. lata by visual assessment of 17 of 18 grapevine lesions investigated (Table 5) . However, mycelial growth of E. lata was not observed from more than half of the wood chips examined from five grapevines (grapevines 13 to 17). No E. lata mycelial growth was clearly observed from wood chips from grapevine 18. PCR analysis of mycelial mixtures collected from one wood chip per lesion, however, showed that E. lata was present in all 18 grapevines investigated. Direct PCR analysis of thin wood shavings, using primer pairs Lata 1 and Lata 2.2 and SCA 10A and SCA 10B, indicated the presence of E. lata in all 18 grapevine lesions examined (Fig. 2) . The rate of successful detection of E. lata depended upon the primer pair and the dilution used. For grapevines from which E. lata grew from less than half of the wood chips (grapevines 13 to 18) (Table 5) , the frequency of successful amplifications of E. lata from wood shavings was higher when we used the rDNA-targeting primers Lata 1 and Lata 2.2. With both primer pairs, more positive results were obtained with 1:10-diluted templates than with 1:100-diluted templates.
DISCUSSION
Our objective was to develop PCR assays for rapid identification and detection of E. lata from grapevine wood. We used two primer design approaches and identified a set of three primer pairs based on E. lata rDNA sequences and another set of three primer pairs from RAPD fragment sequences. The Lata 1-Lata 2.2 and SCA 10A-SCA 10B primer pairs could amplify DNA from all 60 E. lata isolates tested, and none of the six primer pairs amplified DNA from any of the 96 isolates of microorganisms associated with grapevine. Consequently all six PCR primer pairs are potentially useful for specific identification of E. lata.
From mycelium cultures, our PCR assay enables, in less than 5 h, unambiguous identification of E. lata among the whitish mycelia obtained from wood chips deposited, thus avoiding cumbersome subcultures of the fungus and the need for visual comparison with reference cultures. PCR-assisted identification of E. lata cultures may be performed as soon as there is sufficient fungal material on MA medium (3 to 7 days) without the need to wait for the uncertain formation of characteristic conidia (1 to 2 months). No specialized mycological training is required, and the reagents and equipment needed are common in most molecular biology laboratories.
From diseased lesions, conventional culture-based diagnosis generally requires the excision of 10 to 20 small wood chips and 1 to 2 months of subculture. Using our PCR-based protocol, only 1 day and at most three wood samples are required for E. lata diagnosis. We detected E. lata in wood samples by using 1:10 and 1:100 dilutions of supernatants obtained by boiling thin wood shavings. This success may be due to the relative lack of PCR inhibitors released from necrotic wood tissues and/or to the dilution of extraction material (36) . Primer pair Lata 1 and Lata 2.2 was more efficient than primer pair SCA 10A and SCA 10B (Table 5) in detecting E. lata in wood samples that were probably less heavily colonized. This difference may be due to the high copy number of rDNA targeted by primers Lata 1 and Lata 2.2 (34). Most PCR procedures used for diagnostic purposes are based upon lengthy extraction protocols that include steps with phenol or other specific buffers (see, e.g., references 10, 14, 19, and 33). Successful amplication of DNA recovered from boiled mycelium has already been reported by others (13, 30) . However, no PCR assay enabling the detection of microorganisms directly in woody plant material has yet been reported. Quick diagnosis of E. lata in grapevine necrotic tissues will be particularly useful in identifying the origin of dieback of vines that do not show characteristic symptoms of Eutypa dieback during the growing season. Rapid methods to detect E. lata from grapevine wood material also will be of great use in the study of the epidemiology of E. lata disease (e.g., wound receptivity). Further work is necessary to verify that our PCR detection assay can reliably detect the fungus in nonnecrotic material. If so, then PCR detection of E. lata could be used to monitor the development and to trace the movement of the fungus in grapevine tissues, to assess infections in situ after a short incubation period, or to compare either the levels of pathogenicity of isolates or the levels of resistance of cultivars. Our PCR assay may also be adapted to study the nature and the complexity of the fungal community present in the decaying wood of grapevine (27) . Similar procedures may also be used to detect and/or study microorganisms associated with wood cankers or diseases in other perennials.
In conclusion, the assays we developed are specific and do not require complicated preparation of samples for either diagnostic cultures or DNA extraction and purification. Thus, our assays are significantly faster than other methods used to date and can be combined with conventional isolation proce-FIG. 1. PCR products obtained with DNA extracted from E. lata according to a protocol described in reference 8 (top and middle) or by boiling (bottom) were from the following isolates: BX 1-10 (lanes 1, 5, and 9), 8D (lanes 2, 6, and 10), and 8F (lanes 3, 7, and 11). Lanes 4, 8, 12, 16, 20 Amplifications were performed from 5-l aliquots of 10-fold and 100-fold dilutions of supernatants obtained after boiling three wood shavings separately in sterile water (lanes 1 to 2 and 9 to 10, lanes 3 to 4 and 11 to 12, and lanes 5 to 6 and 13 to 14; odd-numbered lanes, 10-fold dilutions; even-numbered lanes, 100-fold dilutions). Primers used were Lata 1 and Lata 2. dures to contribute to a robust diagnosis of E. lata. We are confident that PCR-based detection procedures derived from the one described here will be helpful to study microflora present within woody plant parts. 
